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Neutrophil?  Alkaline  Phosphatase  Changes  iu  Tularemia. 
Sandfly  Fever.  Q  Fever  and  Noninfectious  Fevers 

By  William  H.  Bkiski. 

With  the  technical  assistance  of  Sophie  Shepel  anil  Bay  F.  Long 


TWO  DEC iADES  AGO.  Wachsteiii'  called  attention  to  an  increase  in 
alkaline*  phosphatase  (AP!  activity  of  human  neutrophilic  leukocytes  dur¬ 
ing  bacterial  infectious.  En/.vinc  activity  within  individual  cells  as  well  as  the 
iiuiuIht  of  cells  with  detectable  enzyme  were  markedly  increased,  an  observa¬ 
tion  confirmed  bv  others.-' 7  Infection-induced  rise  in  AP  activity  was  described 
in  neutrophiles  of  the  marrow,  peripheral  blood,  and  exudates'  and  was  more 
pronounced  in  adult  cells  when  compared  to  band  forms.'  *  The  increase  in  AP 
correlated  roughly  in  magnitude  and  timing  with  the  severity  of  leukocytosis.' 5 
although  AP  has  been  reported  to  remain  elevated  temporarily  after  leukocyto¬ 
sis  subsided. - 

A  rise  in  ncutrophile  AP  activity  in  many  "stress"  related  situations  led 
Valentine  and  his  associates  to  investigate  the  possible  influence  of  the  pitui¬ 
tary-adrenal  axis  on  this  phenomenon."  ’"  It  was  shown  that  glucocorticoids  or 
ACT! I  (in  the  presence  of  a  functioning  adrenal  cortex)  could  stimulate  in 
vivo  a  rise  in  ncutrophile  AP  '"  after  an  initial  lag.  A  rapid  change  in  the 
VVBC,  with  epinephrine-induced  leukocytosis  or  bacterial  endotoxin-induced 
leukopfljfia,  was  shown  by  Trubowitz  et  al."  to  be  associated,  respectively, 
with  a  f&pid  rise  or  fall  in  AP. 

I.ittle  is  known  concerning  the  relationship  of  a  specific  etiology'  of  infection 
to  accompanying  patterns  of  ncutrophile  AP  response.  During  viral  illm  ,s,  no 
rise  in*AP  was  detected  iu  some  instances," '-  while  i;i  others  a  rise  appeared  to 
equal  that  observed  during  bacterial  infection.7  During  our  extensive  investiga¬ 
tions  of  vaccine  efficacy  it  became  possible  to  study  prospectively  bv  serial 
collections  the  patterns  of  AP  response  ii;  normal  volunteers  exposed  to  infec¬ 
tious  microorganisms.  Data  were  obtained  during  tularemia  and  Q  fever,  nei¬ 
ther  of  which  is  associated  with  prominent  leukocytosis,  and  during  sandfly 
fever,  a  mild  viral  illness  with  a  characteristic  leukopenia.  Artificial  hyper¬ 
thermia  and  endotoxiii-iiKiuceci  fever  were  also  studied  to  compare  the  re¬ 
sponses  of  ncutrophile  AP  during  the  stress  of  these  infections  to  the  stress  of 
fever  without  concomitant  infection. 
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Materials  and  Methods 

All  volunteers  were  normal  young  adult  males  who  ranged  ir  age  from  19  to  26  years. 
They  were  in  excellent  health  as  evidenced  by  repeatedly  aormal  physical  and  laboratory 
examinations.  Exposures  to  Pasturella  tularensis  or  Coxiella  burnetii  were  accomplished  by 
aerosol;  the  sandflv  fever  virus  was  transmitted  by  the  intravenous  injection  of  1  ml.  cf 
infectious  serum.  Only  subjects  who  had  not  been  vaccinated  against  the  infecting  organism 
were  included  in  this  report. 

In  other  investigations,  purified  lipopolysaccharide  bacterial  endotoxin  was  administered 
intravenously  3  days  in  succession  in  increasing  doses  of  25,  50,  and  100  ng.,  respectively. 
Artificial  hyperthermia  was  induced  in  still  other  subjects  by  raising  the  temperature 
and  humiditv  of  an  environmental  chamber  so  as  to  induce  a  gradual  increase  in  rectal 
temperature  over  an  18-hour  pepod  to  102.5  F.  and  to  maintain  that  level  for  an  additional 
6  hours,  a  pattern  which  mimicked  the  first  day  of  fever  in  typical  cases  of  tularemia. 

Methods.  Throughout  the  period  of  hospitalization  of  each  group,  blood  films  were 
prepared  on  microscopic  slides  at  the  time  of  control  and  postexposure  blood  counts. 
Unless  otherwise'  noted,  all  specimens  were  obtained  at  8  a.m.  All  slides  were  air  dried 
and  stored  without  fixation  at  room  temperature  to  permit  all  material  from  a  single 
patient  to  be  stained  simultaneously  along  with  known  negative  and  positive  controls. 
The  histochemical  method  of  Wiltshaw  and  Maloney*3  was  used  for  visualizing  the  AP, 
which  was  then  quantitated3  by  assigning  a  rating  of  0  to  4+  to  each  of  100  neutrophiles 
counted  consecutively  for  a  possible  total  “AP  index”  of  0  to  400.  Routine  differential 
percentages  were  obtained  bv  counting  100  cells  and  the  total  WBC  was  determined 
bv  Coulter  Counter. 

Data  obtained  on  postexposure  days  of  each  study  were  compared  to  at  least  3  pre- 
exposure  control  values  from  the  same  subjects  by  t-test  to  establish  an  estimate  of  prob¬ 
ability,  p. 


Results 

Studies  in  Tularemia 

Following  aerosol  exposure  to  P.  tularcnsis,  the  ineubation  period  generally 
varied  from  3  to  5  days  and  was  followed  by  fever,  headache,  malaise,  and 
anorexia.  The  institution  of  streptomycin  therapy  at  that  time  reversed  the 
disease  process  liefore  the  development  of  pulmonary  findings.  In  a  number  of 
subjects  only  mild  symptoms  and  low-grade  fever  developed.  In  Table  1  are 
listed  values  for  the  total  leukocyte,  adult  and  band  neutrophile  counts,  AP 
index,  and  the  fever  hours  (hours  per  degree  of  rectal  temperature  above  100 
F.)  for  23  subjects  with  typical  early  tularemia  and  for  8  men  with  only  mild 
illness.  These  latter  were  differentiated  clinically  from  the  typical  group  by  a 
failure  of  their  rectal  temperatures  to  exceed  102.5  F.  at  any  time  and  by  a 
failure  of  their  total  fever  indexes  to  reach  60. 

The  WBC  in  tularemia  rarely  exceeded  10,000/ mm.*,  but  coincident  with 
developing  illness  there  did  occur  a  statistically  significant  rise  above  control 
counts  of  the  total  WBC,  as  well  as  Iwth  the  percentage  and  absolute  number 
of  adult  PMN  leukocytes.  Band  cells  also  increased  significantly  and  there 
developed  a  gradually  progressive  rise  in  the  AP  index.  This  pattern,  though 
levs  pronounced,  was  also  evident  in  those  subjects  with  mild  illness  (see  Table 
1). 

In  an  effort  to  characterize  more  exactly  the  timing  of  leukocyte  AP  changes 
with  respiTt  to  the  period  of  illness  itself,  the  aliove  data  were  regrouped  to 
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Table  I. — Alteration »  in  Seutrophile  AP  Durian  Tularemia  (Cant.) 
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Day  1 

Day  2 

Day  3 

Day  1 

Day  5 

Day  6 
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Day  x 

Day  9  Day  10 

Tint iml 

irnttp 
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12.4 

26.3  38.5 

20.3 
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3.4 

3.2 

o.3 
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7.61 
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0.70 
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0.35 

0.45 
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0.42 

0.44 
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0.41 

0.46 
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.001 
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S.K. 

.15 

.2* 

.60 

.31 

.46 

.32 
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”2 

.20 

.10 

.21 
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.001 

.01 

.01 
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.07 
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.43 
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.39 
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.10 

.18 

.11 

.27 

.04 

.05 
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.01 
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.01 
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44.x 

29.6 

46.8 

66.7 
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63.9 

37.7 
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6.1 
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29.4 

17.4 
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.01 

.01 
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.002 

Mild 
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Fever,  hrs.  degree 

0 

0 

4.0 

14.5 

14.0 

11.2 

3.9 

0.8 

0 

<1 

0 

W He  (thousands) 

6.77 

7.00 

9.02 

7.56 

7.28 

7.42 

6.92 

6.06 

6.47 
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7.00 
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.55 

1.35 

1.81 

1.06 

.94 

1.18 

•76 

.76 

.4N 

.78 

.57 

Adult  neutrophiles 

(thousands! 

3.21 

3.56 

6.10 

4.94 

4.27 

4.14 

3.44 

2.95 

3.17 

3.69 

3.64 

S.K. 

.41 

.87 

1.61 

1.02 

1.17 

.87 

.62 

.78 

.51 

.59 

.39 

Hand  neutrophil?* 
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.04 

.14 

.10 

•  14 

.30 

.47 

.35 

.04 

.05 

.14 

.15 
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.02 

.10 

.06 

.08 

.15 

.27 

.11 

.02 

.04 

.08 

.06 

l'< 

.02 

AP  Index 

11. s 

19.8 

27.0 

29.2 

29.7 

42.5 

30.0 

42.7 

48.2 

79.2 

36.0 

S.K. 

3.5 

5.5 

11.1 

6.4 

9.8 

21.4 

8.4 

15.1 

21.2 

39.1 

11.6 

P< 

.05 

The  nvorage  n  S.K. 

\aluex 

for 

the  total 

WBC 

,  adult 

and  band  neutrophiles,  and 

AP  index  are 

compared  with  the  febrile  reapon*?  in  23  subject*  with  typical  tularemia  and  8  with  mild  tularemia. 
Significant  difference*  from  cohlud  tm  any  poMtexponure  day  are  expressed  as  probability,  p. 


align  the  day  of  maximal  fever  (rather  than  the  day  of  exposure)  of  the 
subjects  with  typical  illness.  The  onset  of  typical  induced  tularemia  was  associ¬ 
ated  with  a  gradual  increase  in  the  AP  index,  which  reached  a  level  signifi¬ 
cantly  above*  control  the  day  prior  to  maximum  fever  ( Fig.  1).  Then,  despite 
therapy  and  prompt  clinical  recovery,  the  AP  index  slowly  mounted  further  to 
reach  its  peak  5  days  after  the  height  of  illness. 

Studies  in  Sandflij  Fever 

Symptoms  of  sandily  fever  began  abruptly  in  7  of  8  men  on  the  second  dav 
following  exposure.  Fever,  headache,  malaise,  and  anorexia  increased  in  a 
typical  fashion  to  maximum  intensity  the  following  day  and  then  subsided 
rapidly.  As  shown  in  Figure  2.  the  characteristic  leukocyte  changes  of  sandfly 
fever  were  observed  in  this  group:  leukopenia  and  neutropenia  with  the  ap¬ 
pearance  of  many  band  forms.  Bands  liecamc  numerous  during  the  developing 
neutropenia,  diminished,  and  then  reappeared  again  several  days  later  during 
the  return  of  the  neutrophile  count  to  normal.  Alkaline  phosphatase  activity 
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Fig.  1. — Neutrophile  AP  response  in  typical  tularemia.  Average  values  of  23  sub¬ 
jects  are  shown,  replotted  from  Table  1  to  align  the  day  of  maximum  fever.  Signifi¬ 
cant  elevations  of  the  AP  index  are  plotted  as  the  mean  ±  S.E.  ill  comparison  to 
similar  values  of  the  control  days  represented  by  the  horizontal  shaded  band.  The 
total  W'BC  is  subdivided  into  adult  (bottom  area)  and  band  (central  black  area' 
neutrophile  portions,  with  the  remainder  (upper  area)  including  all  other  leukocytes. 

rose  abruptly  on  the  day  of  initial  symptoms  and  leukopenia,  but  then  sub¬ 
sided  rapidly;  it  did  not  rise  during  the  second  period  of  band  cell  prominence. 
Although  no  symptoms  developed  in  the  eighth  man  inoculated  with  the 
sandfly  virus,  he  showed  patterns  of  change  in  his  white  cell  count  and  AP 
activity  identical  to  those  of  the  symptomatic  group. 

Studies  in  Q  Fever 

Following  exposure  to  an  aerosol  of  C.  burnetii .  a  group  of  6  normal  subjects 
remained  asymptomatic  ami  afebrile  throughout  an  inculintion  period  of 
more  than  one  week.  On  the  ninth  postexposure  day  illness  Itcgan  in  a  typical 
fashion  with  mounting  fever,  headache,  malaise*,  and  anorexia  (Fig.  3).  These 
manifestations  of  illness  wen*  rapidly  reversed  by  tetracycline  therapy. 

Although  Q  fever  was  not  associated  with  prominent  leukocytosis,  and  max¬ 
imum  elevations  of  the  WBC  during  tin*  period  of  illness  did  not  exceed 
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Fig.  2. — Neutrophile  AP  response  in  sandfly  fever.  Average  values  for  6  subjects 
are  shown  pictured  as  in  Fig.  1.  The  day  of  exposure  is  indicated  by  a  verticle  dashed 
line. 

104 

u.  102 
o 

100 

98 

ui  60 

o 

*  40 

a  20 
4 

0 

10 

8 


o  4 
■ 

»  2 

0 

.«  -8  -4  0  4  8  12  18  20  24 

DAYS 

Fig.  3.— Neutrophile  AP  response  in  Q  fever.  Average  values  for  6  subjects  are 
shown,  with  the  day  of  exposure  shown  with  a  vert  tele  shaded  band. 
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ENDOTOXIN 


Fix.  4. — Ncutrophile  AP  responses  liter  bacterial  endotoxin.  Endotoxin  was 
administered  at  the  times  indicated  by  the  3  vertical  dotted  lines.  Average  febrile 
responses  of  6  subjects  are  shown  w  ith  respect  to  their  dinimd  rec  tal  temperature 
changes  of  control  ami  postfeser  davs. 

10,000/  nun.1,  then*  was  an  itK-reasi*  in  the  adult  neutrophile  count  which  raised 
the  tutal  WBC  aliove  control  and  incubation  pt*riod  counts.  Band  forms  in¬ 
creased  minimally.  During  the  incubation  jreriod  and  throughout  early  illness, 
the  AP  index  remained  within  or  slightly  lielow  the*  control  valut*s.  Only  aftei 
recovery  did  the  AP  intlex  increase  in  a  sli  Jit  ami  irregular  fashion. 

Studies  in  EntloloxiH-Intlutrtl  Freer 

TIk*  intravenous  administration  of  liaeterial  endotoxin  is  followed  hv  an 
initial  period  of  leukopenia  and  tlu-n.  as  fever  mounts.  In-  tcukoc y to*i*.  Bv 
s«*rial  hlood  counts  which  encompassed  th»*  r*arly  leukope  nic  response  to  eodev 
toxin.  Trulwwit/.  Mosc-hidcs.  and  Feldman11  detected  an  early  fall  in  neu- 
tmphile  AP  which  reached  a  minimum  of  .10  per  cent  of  control  30  minutes 
after  toxin  had  Item  given.  In  the  present  stmly  i  Fig.  4 1  of  6  subjects,  the 


DAYS 

Fig.  5. — Neutrophile  AP  response!  to  artificial  hyperthermia.  This  was  induced 
as  described  in  the  test  by  changing  the  heat  and  humidity  of  an  environmental 
chamber  during  the  times  between  the  vertical  lines  un  day  0.  Average  values  for 
8  men  are  shown. 

YVBC  obtained  at  the  height  of  fever  after  the  initial  administration  of  endo¬ 
toxin  was  elevated,  with  an  increased  number  of  adult  neutrophiles  and  many 
band  forms.  In  support  of  the  findings  of  Trulxwitz  et  al.u  the  AP  index  was 
found  to  be  below  control  values  at  that  time,  despite  the  presence  of  leuko¬ 
cytosis.  By  the  following  morning,  however,  neutrophilia  was  observed  to 
persist  uud  there  had  developed  a  sharp  rise  in  the  AP  index.  With  the  admin¬ 
istration  of  endotoxin  in  increased  amounts  on  each  of  the  next  2  days,  the 
absolute  adult  neutrophile  and  hand  counts  did  not  remain  as  high  as  when 
measured  at  the  height  of  fever  following  the*  initial  dose.  In  contrast,  the 
elevated  AP  index  continued  to  rise,  reaching  its  maximum  value  2  days  after 
the  final  dose  of  endotoxin. 

Studies  in  Artificial  Hyperthermia 

leukocytosis  with  a  shift  to  tin*  left  Is  widely  recognized  as  an  accompany¬ 
ing  feature  of  hyperthermia  produced  artificially  by  a  high  ambient  tempera¬ 
ture.  leukocytosis  was  observed  (Fig.  3)  when  fever  was  induced  in  a  group 
of  8  men  in  a  manner  designed  to  mimic  the  pattern  of  fever  during  the  onset 
day  of  acute  tularemia.  Control  values  at  8  p.m..  when  subjects  entered  the* 
environmental  chamhrr.  were  similar  to  other  control  values  obtained  at  8  am. 
There  then  occurred  an  increase  in  adult  neutrophile*  and  lauid  forms  dining 
fever,  control  counts  were  reestablished  within  12  hours  aftrt  subjects  left  the 
hot  environment. 
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Despite  this  leukocytosis  and  th«*  vccompanying  environmental  stress,  AP 
activity  showed  no  detectable  changes.  Because  this  finding  was  not  expected, 
additional  blood  films  collected  throughout  the  entire  stud)'  were  stained  on  3 
separate  occasions,  and  showed  a  consistent  failure  of  AP  to  increase  during  or 
after  fever. 


Dbcvsuon 

Several  different  patterns  were  observed  in  the  sequential  responses  of  neu- 
trophile  AP  after  challenge  by  a  variety  of  infectious  microorganisms  m  eti¬ 
ologies  of  fever.  Our  inability  to  explain  these  patterns  readily  on  the  basis  of 
current  theories  is  indicative  of  the  continuing  lack  of  insight  concerning  the 
exact  function  of  the  enzyme  and  the  mechanism  of  its  induction  within 
leukocytes-  The  alkaline  phosphatases  of  ltacteria  have  been  studied  exten¬ 
sively:  in  contrast,  investigations  concerning  changes  dining  infection  of  these 
enzymes  in  various  tissues  of  animal  hosts  art-  few,*4  '*  and  serve  to  illustrate 
the  complexity  of  the  problem.  An  understanding  of  the  bask-  mechanisms 
whk-h  might  bring  about  the  variety  of  dutnges  ohst-m-d  in  the  present  study 
would  appear  to  require  knowledge  concerning  cofactor  requirements  of  the 
enzyme,  concentrations  of  specific  substrates,  a  number  of  phvuologk  or  tew- 
monal  influences,  cell  age.  factors  whk-h  control  thr  mobilization  and  removal 
of  neutropliiles,  as  well  as  an  appmiatkm  of  the  genetk-  potential  fur  AP 
induction  in  cells  of  differing  types  and  species. 

In  hvpophosphatasiu.  a  genetk-  defiek-ney  of  tivsiu*  AP.  the  enzyme  is  lacking 
in  m-utrophilrs  ami  cannot  he  activated  by  glucocorticoids1*  or  ACTfl*  Neu- 
trophik-*  of  several  speck-s  lack  this  enzyme.1  Based  upon  evidence  of  signifi¬ 
cant  increases  of  ncutmphilr  AP  in  wlfvts  with  mongolism  and  nrutrophik- 
AP  depression  in  certain  tyjx-s  of  chrunie  granulucytk-  leukemia.  Alter  and 
associate*17  suggested  that  a  short  acrocentric  chromosome  of  the  human  might 
vtvc  as  a  genetk-  Incus  for  leukocyte  AP. 

Vakmtim-.  Tanaka,  and  Krrdrrk-ks1*  rrvk-wrd  evklrocr  that  zinc  and/or 
magtKsiuni  wen*  important  cof actors  of  alk.  me  phusphal.iw-s  from  various 
tissue  sources;  they  demonstrated  that  0.0001  M  /in  protected  against  AP  km 
or  restored  AP  activity  in  stored  neutruphik-s  and  blocked  its  inactivation  by 
ethyleur-diamine-ti-tra-acctate.  Magnesium  was  ineffective  in  rampum'* 

Several  physioktgk,  luochemk-al  nr  liormon.il  changes  appear  to  inffuence 
nrutrophik-  AP  activity.  Yacvari  <4  al.**  n-ported  that  imtivnisl  neutraphik*  AP 
m  nhlktv  during  formalin  shock  or  humans  in  surgical  shark  raul1  hr  iwrr* 
kited  with  ek-vat«d  rates  of  whole  blood  ghcoksis.  In  mfanrv .  k-ukorytr  AP 
activitv  ts  modrtatrh  «4rvated  and  falls  to  adult  valors  met  a  period  of  several 
tears.  Pregnancy*5" 51  and  estrogen  admmislratkm  to  males-'*  ate  associated 
with  incTruwd  Irufcucvte  AP.  A  prompt  riv  ki  the  peripheral  AAHt!  after 
epinephrine  admmtstratkin  was  accompanied  hv  tortrawd  nrutfnphite  \P,M  it 
has  not  been  determUied  if  thk  inr  was  mediated  direct h  hv  eptoephrinr. 
through  pttottarv  -adrenal  slimul.it  am.  or  n-presrntrd  mrfrh  a  mnldint**  of 
stored  celK 

Aak-nlinr  and  associates*  **  £-‘  postulated  that  nrutfupfuk-  \P  was  elevated  in 
a  vanetv  of  circumstances  jwulrtl  with  “stress"  \  mr  Mi  Irukncstr  AP  was 


matmochiw:  auaijm:  iikini-hatasi  auva 


2ft> 


deserved  after  tin-  administratkm  of  ACTII,  cortisone*.  or  cortbol*  Such  an 
ACrrii  re-spouse*  nijuintl  tin*  presence*  of  functioning  adrcnocrwtk-al  IfesiH1.'" 
and  appeared  to  he  mediated  through  glucocorticoid  mtioei  but  not  by 
IX X: A."  Compound  S,  or  asc-ortnc  ackl.1"  This  ohse*n.ttion  was  sulwtantiated 
mem*  recently  in  cultured  I  lei  .a  cells  trrated  with  a  large  variety  of  steroids.*1 
In  humaie:  given  ACTII.  40  units  every  8  laiurs  lor  3  days,  the  rise  in  note 
trophilc  AP  progressed  gradually  to  a  peak  3  to  4  times  greater  than  control.9 13 
Cortisol,  in  a  dost*  of  00-70  mg.  administered  orally  lluroughout  an  identical 
schedule,  produced  «mly  a  twofold  rise"*  after  an  initial  lag  with  a  prompt 
return  to  control  values  when  steroids  were  discontinued.  Pk-m-rt**  ob*e*rv<d 
that  large  doses  of  cortisone  or  its  ck-rivativc*  in'mihited  neutrophil  -  \P.  where 
as  small  doses  were  stimulatory.  A  transient  fall  in  kuknvti'  AP  has  also  Item 
rejiorted  after  intravenorn  injections  of  prednisolaiM1." 

In  subjects  with  tularemia.  Q  fewer.  and  etalotosin  fcscr.  the  greatest  chwa- 
tion  of  neutruphile  AP  was  delas-ed  until  several  days  after  maximal  fever  ami 
ilhtess.  This  delayed  peak  seemed  similar  to  that  reported  after  surgerv*  in 
which  the  maximal  rise  in  ncutrophilc  AP  did  not  occur  until  72  Imnits  put- 
operatively.  ami  the  peak  confirmed  an  earlier  report*  of  a  persisting  AP 
elevation  after  infcvtkm-ivlatcd  neutrophilia  had  subsided.  T1n'  timing  <4  tin- 
peak  rise*  in  neutrophik*  AP.  as  ofwervtd  in  tularemia  and  Q  fever,  se-e-met! 
incompatible  with  a  response  dm*  «4eh  to  adrenal  stimulation.  Plasma  and 
urinary  steroid  response**  we  n*  measured  during  he*  studie-s  rejected  In-rein.*' 
In  e-ach  of  the*se*  infections,  urinary  17-01  IO»  e-scretkiu  rose*  w  ith  ek*\e*loping 
symptoms  and  fewer  to  a  maximum  appmxknate-h  elnuhk*  control  \aluew  wine h 
oe-cum-d  in  e-eMm-klcnct*  with  the  peak  e4  fewer.*'  With  the*  institution  t4  spe¬ 
cific  antibiotk-  therapy.  the*  17-OIICS  e-xetetioti  romiste-ntlv  n*tur»*d  to  kisr- 
Hm*  eontrol  lew  eh  within  me  elav.  although  fewer  took  several  days  to  disap- 
peter  completely.  During  the  feser  al  thewe-  aeerte  infi  e-tiemv  the*  8  a.m.  plasma 
17-OiiCS  esmeentratiuns  did  not  either  from  controls,  howewe-r.  the-  usttal  di¬ 
urnal  aftermiun  and  twetiing  fall  in  plasma  cortisol  faikd  to  actor.*'  Thus,  tV 
adienal  response  in  these  liri.4.  promptly-treated  inieetions  dkl  not  set  in  to 
achkwt  the  nugnituele  or  elu  ation  al  tort  kneel  exervs  rvepiutd  experimentally 
to  stimulate  hetman  leukocyte  AP. 

As  rmphasiml  by  Valentine  rt  at.'*  the  ek*manstratinn  of  an  aebeouenrtk-ah 
mediated  im-reasr  in  unit-cell  AP  activity  did  not  perchtefe  exbtenre  of  either 
important  mechanism*  which  ought  ink  late  a  similar  mjsne.  TV  rebtWe-K 
small  increasr  in  adrenal  act  is  it  v  and  its  e-arb  temunattun  in  thr*r  mixtion* 
gave  indirect  rsidente  against  aekmec  orried  mediatrun  *4  tV  delaw  d  and 
prohtngid  merrwww  in  leukocyte  AP  which  were  olx.-rscd.  This  ahu  retJil  tV 
|MW\4uhtv  that  rnsynte  tnehtetion  was  trM  to  wnr  ether  taetnr  avweiatrd 
with  infection,  prt  *r.  Such  a  ehstmetam.  hwsrcl  upon  tV  tuning  of  sretetmtial 
changes  wtrurd  powihlr  only  d*u-*g  infection*  *urh  a*  thme  stmlird  here  in  in 
which  tV  lark  of  an  esplmhr  Indues  tow*  permitted  pattern*  to  appear  a*  if 
in  *%low  mot  km.- 

TV  mm  sej^rt  nd  to  arttftrid  hyprtthrtmM  rtpetftmced  n  athenaf  rr 
*pumr  etptal  he  nr  skghth  greater,  than  tV  tesponw  nVencd  (luring  infer- 
•km.**  r‘  TV  Ink  *4  any  detect ahle  Urctrw  in  orutrophde  AP  during  or  after 


266 


WILtJAM  It.  BEIMCL 


the  stress  and  leukocytosis  of  artificial  hyperthermia  is  further  evidence  that 
the  measured  increase  of  adrenocortical  activity  was  inadequate  to  induce 
activation  of  neutrophile  AP.  However,  other  interpretations  may  also  be  pos¬ 
sible.  Hyperthermia  induced  by  a  high  environmental  temperature  is  ac¬ 
companied  consistently  by  respiratory  alkalosis.  In  addition  to  an  elevated 
serum  pH.  we  observed  a  fall  in  serum  inorganic  phosphorus  and  magnesium, 
and  an  acutely  negative  magnesium  balance.""  These  elements  are  both  impor¬ 
tant  for  bacterial  AP  induction.27  Perhaps  the  changes  in  these  ions,  alone  or  in 
combination,  or  a  change  in  some  other  key  trace  metal  ion,  such  as  zinc, 
might  have  inhibited  any  rise  in  neutrophile  AP  anticipated  during  stress  of 
the  degree  observed. 

In  contrast  to  the  consistent  elevations  of  neutrophile  AP  reported  during 
pyogenic  bacterial  infection,  results  obtained  during  viral  illness  have  var¬ 
ied."7’2  l  ack  of  AP  change  in  55  patients  with  viral  illness'"2  contrasted  with 
Plenert’s  statement7  that  an  increased  AP  index  was  one  of  the  most  indicative 
signs  of  viral  illness  in  children.  It  is  possible'  that  these  divergent  findings  were 
the  result  of  age  differences  alone.  However,  our  serial  observations  indicated 
that  an  AP  rise  during  the  benign  viral  illness  of  sandfiv  fever  did  occur  in 
adults.  This  rise,  small  in  magnitude  and  brief  in  duration,  developed  during 
early  symptoms,  in  conjunction  with  an  abrupt  fall  in  the  neutrophile  count. 
Perhaps  the  observed  change  in  the  AP  index  was  merely  a  secondary  phe¬ 
nomenon  associated  w  ith  rapid  mobilization  and  subsequent  disappearance  of 
stored  leukocytes."  Because  of  the  unusually  marked  neutropenia  of  sandfly 
fever,  the  early  rise  in  AP  described  herein  may  not  be  typical  of  other  viral 
illnesses;  its  timing  and  course  was  certainly  different  from  the  AP  increase 
observed  with  tularemia  and  Q  fever. 

Karlier  reports4 "  that  AP  activity  was  less  apparent  in  young  neutrophiles 
were  supported  by  these  studies.  Band  forms  appeared  at  two  distinct  periods 
of  sandfly  fever,  during  the  development  and  recovery  from  leukopenia,  but  a 
rise  in  neutrophile  AP  accompanied  only  the  first  appearance  of  bands.  In 
artificial  hyperthermia,  leukocytosis  with  many  band  forms  was  noted  in  the 
absence  of  increased  AP  activity. 

Summary 

Responses  of  neutrophile  AP  were  studied  in  volunteers  during  induced 
tularemia,  Q  fever,  sandfly  fever,  and  during  artificial  hyperthermia  and  en¬ 
dotoxin  fever.  Symptoms  of  typical  early  tularemia  were  accompanied  by  a 
slight  increase  in  the  neutrophile  count  and  AP  index.  The  latter  continued  to 
rise  slow  Iv  and  eventually  became  maximal  5  days  after  the  height  of  clinical 
illness,  long  after  fever  and  leukocytosis  had  disappeared.  Similar  but  less 
obvious  changes  occurred  after  mild  tularemia  and  after  typical  early  Q  fever. 
A  transient  rise  of  neutrophile  AP  occurred  only  at  the  onset  of  fever  and 
neutropenia  in  sandfly  fever.  An  early  fall  in  neutrophile  AP  after  endotoxin 
administration  was  confirmed,  this  was  followed  in  turn  by  a  prolonged  rise 
not  described  heretofore.  Despite  the  stress  and  leukocytosis  of  environmen¬ 
tally  induced  artificial  hyperthermia,  leukocyte  AP  did  not  increase. 

Based  upon  these  observations  it  seemed  evident  that  increased  leukoevte 
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AP  activity  could  not  lx*  correlated  in  all  circumstances  with  fever  per  sc,  the 
appearance  of  hand  cells,  or  the  magnitude  or  timing  of  “stress'*  as  inferred 
from  increased  plasma  and  urinary  steroids.  Increased  ncutrophilc  AP  activity 
in  these  infections  did  not  seem  to  he  related  directly  to  glucocorticoid  excess. 
Possible  factors  involved  in  the  induction  of  ncutrophilc  AP  may  include  the 
genetic  potential  of  various  cell  types,  eoenzyme  requirements,  hormonal  re¬ 
sponses,  as  well  as  other  yet  unknown  factors  associated  with  acute  infection. 

St’MMAHIO  IN  I.VrEIttJXCUA 

Le  responsas  del  phosphatase  alcalin  (PA)  dc  neutrophilos  csseva  studiate 
in  voluntaries  durante  inducite  episodios  de  tularemia,  de  febre  Q,  de  febre 
Pappataci,  dc  hyperthermia  artificial,  c  de  febre  a  endotoxina.  Le  symptomas 
de  tvpic  tularemia  precoee  csseva  accompaniate  de  un  levc  augmento  in  le 
numeration  neutrophilic  e  le  indice  de  PA.  Iste  ultimo  continuava  su  augmento 
lentemente  attingente  su  maxirno  5  dies  post  le  culminc  del  morbo  clinic,  i.e., 
longemente  post  que  le  febre  e  le  leucocytos  halx'va  disparite.  Simile  sed 
minus  obvie  altcrationes  occurreva  post  leve  formas  de  tularemia  e  post 
tvpic  febre  Q  prectxe.  Un  augmento  transiente  del  PA  neutrophilic  occurreva 
soimente  al  tempore  del  declaration  de  febre  e  de  neutropenia  in  febre 
Pappataci.  Un  precoce  declino  in  le  PA  neutrophilic  post  le  administration 
de  endotoxina  csseva  confirmate.  e  isto  csseva  sequite  per  un  prolongate 
augmento  non  previemente  describite.  In  despecto  del  stress  e  del  leucocytosis 
de  artifieialmente  inducite  hvperthermia  ainbiental,  le  PA  del  leucocytos  non 
montava. 

A  base  de  Lstc  observationes  il  pare  evidente  que  un  augmentate  activitate 
de  PA  leucocytic  non  poteva  esser  correlationate  in  omne  casos  con  febre 
per  se,  con  le  apparition  de  cellulas  bandate,  o  con  le  augmento  de  steroides 
plasmatic  e  urinari.  Le  augmentate  activitate  de  PA  neutrophilic  in  le  in- 
fectiones  studiate  non  pareva  esser  relationate  directemente  con  un  excesso  de 
glucocorticoide.  Factores  possibilemente  participante  in  le  induction  de  PA 
neutrophilic  include  forsan  le  potential  genetic  de  varie  typos  cellular,  le 
requirimentos  de  coenzyma.  le  responsas  hormonal,  e  etiam  altere  non  ancora 
cognoscite  factores  associate  con  infection  acute. 


REFERENCES 


1.  Wachstein,  M.:  Alkaline  phosphatase 
activity  in  normal  ami  abnormal  human 
blood  and  bone  marrow  cells.  |.  Lab. 
Clin.  Med.  31:1.  1946. 

2  Valentine.  \V.  X„  and  Beck,  \V.  S.:  Bio¬ 
chemical  studies  on  leucocytes.  I.  Phos¬ 
phatase  activity  in  health,  leucocvtosis. 
and  myelogenous  leucemia.  |.  Lab. 
Clin.  Med.  38:39.  1951. 

3.  Kaplow.  L.  S.:  A  histochemical  proce¬ 

dure  for  localizing  and  evaluating  leu¬ 
kocyte  alkaline  phosphatase  activity  in 
smears  of  hlood  and  marrow.  Blood 
10:1023.  1955. 

4.  llayhoe,  F.  C..  and  Qunglino.  I).:  Cvto- 


chemical  demonstration  and  measure¬ 
ment  of  leukocyte  alkaline  phosphatase 
activity  in  normal  and  pathologic 
states  bv  a  modified  azo.  dye  cou¬ 
pling  technique.  Brit.  }.  Hncmat.  4: 
375.  1958. 

5.  Iloflinaii,  C.  C..  and  I.ucich,  Y.  J.:  The 

clinical  application  of  a  modified  azo¬ 
dye  technique  for  the  determination  of 
alkaline  phosphatase  activity  in  neutro- 
philes.  Cleveland  Clin.  Quart.  27:146, 
1960. 

6.  Kemp.  J.  A..  Herndon.  J.  W„  anti 

Wright.  C.  S.;  Vacillations  in  leuko- 
cvtic  alakline  phosphatase.  Southern 


268 


WU1.IAM  It.  BK.ISF.l. 


Med.  J.  55:281.  1962. 

7.  Plenert,  W.:  Cytochemistry  of  the  leuko¬ 

cyte  phosphatases  in  children.  II.  The 
influence  of  operation  and  infection  on 
the  alkaline  granulocytic  phosphatase. 
Kolia  llaemat.  69.273.  1962. 

8.  Trubowitz,  S„  Fekhnan,  D..  Benante,  C., 

and  Hunt.  V'.  M.:  The  alkaline  phos- 
phatase  content  of  human  polymor- 
phonuclear  leukocyte  in  blood  and 
marrow.  Amer.  J.  Clin.  Path.  31:483, 
1959. 

9.  Valentine,  \V.  N.,  Follette.  J.  II.,  Hardin. 

B..  Beck.  \V.  S„  and  Lawrence,  J.  S.: 
Studies  on  leukocyte  alkaline  phos¬ 
phatase  activity:  relation  to  “stress” 
and  pituitary  adrenal  activity.  ].  Lab. 
Clin.  Med.  44:219,  1954. 

10.  Valentine.  \V.  N..  Follette.  J.  H.,  Solo¬ 

mon,  D.  H.,  and  Reynolds,  J.:  The  re¬ 
lationships  of  leukocs  te  alkaline  phos¬ 
phatase  to  “stress”  to  ACTH,  and  to 
adrenal  17-OH-corticosteroids.  J.  Lab. 
Clin.  Med.  49:723.  1957. 

11.  Trubowitz,  S..  Moschides,  E..  and  Feld¬ 

man.  D.:  Alkaline  phosphatase  activity 
of  the  polymorphonuclear  leukocytes 
in  rapidly  induced  leukopenia  and 
leukocytosis.  J.  Lab.  Clin.  Med.  57: 
747,  1961. 

12.  Hausser.  E.,  and  Stroun.  J.:  Alkaline 

phosphatase  of  leukocytes  during  viral 
diseases.  Schweiz.  Med.  Wschr.  92: 
1334.  19ri2. 

13.  Wiltshaw,  E..  and  Maloney,  \V.  C.: 

Histochemical  and  biochemical  studies 
on  leukocste  alkaline  phosphatase. 
Blood  10:1120  1955. 

14.  Lust.  C.:  Alterations  in  tissue  alkaline 

phosphatase  activity  during  acute  in¬ 
fection.  Commission  on  Epidemiolog¬ 
ical  Survey.  Annual  Report  to  the 
Armed  Forces  Epidemiological  Board, 
Fiscal  Year  1905.  February  1966,  pp. 
92-105. 

i.  Carg.  S.  P..  and  Sharma.  G.  L.:  Histo¬ 
chemical  study  of  alkaline  phosphatase 
and  glycogen  in  the  liver  of  rabbits 
infected  with  lapinized  rinderpest 
virus.  Cornell  Vet.  55:  UK).  1965. 
i.  Beisel,  \V.  H.,  Benjamin,  N..  and  Austen, 
K.  F.:  Absence  of  leukocyte  alkaline 


BIST.  ;  AUll.  “ -U  l| 


CIS 


Tl 

5 

S’*  J 


si 


II 


phosphatase  activity  in  hy  pophospha- 
tusia.  Blood  14:975.  1959. 


17.  Alter,  A.  A..  Lee.  S.  I...  Pourfar,  M., 

and  Dobkin,  G.:  Leukocyte  alkaline 
phosphatase  in  mongolism:  possible 
chromosome  marker.  J.  Clin.  Invest. 
41:1341,  1962. 

18.  Valentine.  \V.  N..  Tanaka.  K.  R„  and 

Fredricks.  R.  E.:  Studies  on  leukocyte 
alkaline  phosphatase1:  Role  of  zinc  and 
magnesium,  j.  Lab.  Clin.  Med.  55: 
303,  1960. 

19.  Vaccari,  F.,  Sabotto.  B.,  and  Manzini,  B.: 

Alkaline  phosphatase  activities  of  leu¬ 
kocytes  in  shock.  Blood  10:730,  1955. 

20.  Vannotti,  A.,  Borel.  A.,  F'rei,  J.,  Csank, 

L.  and  Rvser,  H.:  Enzymic  activity 
of  leukocytes  in  human  phy  siopathol- 
ngy.  Proc.  7th  Int.  Congr.  Int.  Soc. 
Hemat.  Rome  1:131.  1958. 

21.  Harer.  \V.  B.,  and  (Quigley.  H.  J.:  Alka¬ 

line  phosphatase  activity  in  granular 
leukocytes  as  a  test  for  early  preg¬ 
nancy.  Obstet.  Gynec.  17:238,  1961. 

22.  Valentine,  \V.  X.:  The  biochemistry  and 

enzymatic  activities  of  leukocytes  in 
health  and  disease.  Progr.  Hemat.  1: 
293,  19.56. 

23.  Melnykovvch.  C..:  Effect  of  corticoster¬ 

oids  on  the  formation  of  alkaline 
phosphatase  in  hela  cells.  Biochem. 
Biophys.  Res.  Common.  8:81,  1962. 

24.  Plenert,  \V.:  Cytochemistry  of  the  leuko¬ 

cyte  phosphatases  in  children.  III. 
Influence  on  granulocyte  alkaline  phos¬ 
phatase  activity  of  steroid  preparatios. 
Folia  llaemat.  80:52.  1963. 

25.  Beisel,  \V.  R.:  Adrenal  function  during 

infectious  illness.  Commission  on  Epi¬ 
demiological  Survey.  Annual  Report 
to  the  Armed  F'orces  Epidemiological 
Board.  F'iscal  Year  1965.  February 
1966,  pp.  46-58. 

26.  Joy.  R.  J.  T..  Beisel.  \Y.  R..  and  Gold¬ 

man.  R.  F\:  Metabolic  responses  to 
artificial  hyperthermia  in  man  (ab¬ 
stract).  Physiologist  7:170.  1964. 

27.  Torriani,  A.:  Influence  of  inorganic  phos¬ 

phate  in  the  formation  of  phosphate  by 
coli.  Biochcm.  Biophys.  Acta  38: 
460.  1960. 


t 


